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Congenital lesions of the heart may be divided into three groups,
which are more or less independent of each other. These groups are
anomalies of position of the heart, lesions of the structures controlling
rhythm and conduction, and malformations of the chambers or orifices
of the heart. The purpose of this paper is to report a group of cases
in which the diagnosis of congenital heart disease has been made, pre-
senting the electrocardiograms that have been obtained from them, and
to offer an explanation for the form of electrocardiographic curve that
has been associated with congenital heart disease. These cases have
been under observation either in the St. Louis Children's Hospital or
in the Washington University Dispensary during the past year. The
electrocardiograms have been made at the Heart Station of the Depart-
ment of Internal Medicine, under the direction of Dr. G. Canby
Robinson.
Electrocardiograms that show a distinct difference from normal
curves have been obtained by previous observers from cases of mal-
formation of the heart, and it has been asserted that whenever electro¬
cardiograms have been made from congenital malformations they have
shown this variation from the normal. Such a point, if true, would be
of great value in the diagnosis of malformations of the heart, especially
if the curve is of a specific form, associated with no other condition.
But before coming to such a conclusion it must be shown that such
variations from the normal are constantly associated with lesions in a
large number of cases, and it must be shown just what phenomenon in
the heart is the cause of the abnormal form.
Einthoven1 first called attention to an abnormal ventricular complex
in congenital heart disease, but Steriopulo2 first observed the form of
curve that is usually associated with this condition. His curves were
made from two cases and showed in Lead I, instead of the customary
R wave of medium height and an S wave that is relatively small, a deep
S wave and a very small R wave. He concludes that if these peculiari-
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1. Einthoven: Arch. f. d. ges. Physiol., 1908, cxxii, 517.
2. Steriopulo: Ztschr. f. exper. Path. u. Therap., 1910, vii, 467.
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ties should show themselves to be characteristic in further examina¬
tions, then this method (electrocardiography) would play a great rôle
in fixing the diagnosis of congenital heart disease. He also pointed out
that great care must be exercised in the application of these findings,
because it is not clear why this form of heart failure should show such
unusual electrocardiograms. These observations were confirmed by
Ratner,3 who studied seventeen cases of congenital heart disease under
the direction of Nicolai. From these studies Nicolai concludes that the
deep S wave in Lead I is a characteristic sign of congenital malforma¬
tion of the heart, and he states he had never seen a case of congenital
malformation that failed to produce a curve of this type. Hecht4
reports a series of nine cases, in two of which the S wave was absent
in Lead I, and in one of these cases there was an unusually large
Q wave. In the other seven cases the S wave was outspokenly promi¬
nent in one case, being much more so than the R wave. Einthoven5
notes that in several cases showing tricuspid insufficiency, high-grade
mitral stenoses or changes of position, a negative electrocardiogram was
constantly associated with a hypertrophy of the right chamber. These
conclusions were borne out by observations on a case showing defects
of the interventricular septum and patent foramen ovale. Lewis6
examined a series of twelve cases of congenital malformation of the
heart in which cardiac enlargement, cyanosis and harsh systolic thrills
and murmurs, maximal over the pulmonary cartilage, were the chief
diagnostic signs. With two exceptions the electrocardiograms of these
cases indicated generally extreme degrees of right-side hypertrophy.
He further notes that curves showing signs of right-side hypertrophy
with extreme amplitude of excursion are obtained only when there is
reason to believe that congenital malformation is present ; he says that
exaggerated amplitude in several leads in itself is a valuable sign of
congenital valve or septal defects.
In a paper such as this, it is not proposed to enter into a discussion
concerning the influence that hypertrophy of the different chambers
of the heart may have on the form of the electrocardiogram. Einthoven
concluded from his studies that ventricular preponderance of one side
of the heart or the other produces a very characteristic change in the
electrocardiogram. The changes from the normal which he observed
were that in right ventricular hypertrophy the S wave in Lead I is
extraordinarily deep, and in Lead III the R wave is extraordinarily
high. In left ventricular hypertrophy the R wave in Lead I is
increased and in Lead III the S wave is increased. These observations
3. Ratner: Inaugural Dissert., Berlin, 1912.
4. Hecht: Ergebnisse d. inn. Med. u. Kinderh., 1913, xi, 340.
5. Einthoven: Zentralbl. f. Herz- u. Gefasskr., 1915, vii, 101.
6. Lewis: Clinical Electrocardiography, 1913.
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have been further substantiated by other writers, notably by Lewis,7
in many conditions that cause a hypertrophy of the chambers of the
heart. It can be said that the relation between the height of the dif¬
ferent waves of the electrocardiogram and hypertrophy of the heart
is not a settled question, yet there are many observations that tend to
confirm Einthoven's original conclusions.
Newborn infants and those during the first six months of life have
been shown to give electrocardiograms with a deep S wave in Lead I.
Hecht4 and Lewis6 have observed babies at intervals during the first
year of life and have recorded a decrease in the size of the S wave in
the electrocardiograms as the children grew older. In infants who
fail to develop normally the infantile type of curve may persist longer
than during the first year of life. In explanation of these curves it
must is remembered that as a result of the activity of the heart during
fetal life, the right ventricle shows a relative hypertrophy, which dis¬
appears as the circulation in the heart and the normal relations of right
and left ventricular activity become established. These observations
also bear out Einthoven's ideas concerning the relation between ven¬
tricular hypertrophy and the height of the waves in the electrocar¬
diograms.
The following group of twelve cases of congenital malformation of
the heart, from which electrocardiograms were obtained, are confirma¬
tory of the relation between right ventricular preponderance and the
type of curve mentioned by Einthoven, in which there is a small R
wave and a deep S wave in Lead I and a large R wave and a small
S wave in Lead III. They also show that this type of curve is not
diagnostic of a congenital malformation, as has been supposed, and that
all congenital malformations do not show this type of electrocardio¬
gram. That is, if the congenital malformation is of such a nature that
a right ventricular hypertrophy results, one will obtain this type of
a curve. If the malformation is not associated with this secondary
hypertrophy, this type of electrocardiogram fails.
Case 1 (Children's Hospital No. 8253).
—
W. M., aged 23 months, was
admitted to the hospital with diagnosis of congenital malformation of the heart,
with defect of the auricular septum. The heart condition was first recognized
on admission to the hospital March 31, 1915. There was no cyanosis. A rather
diffuse faint thrill could be detected, best felt in the fourth interspace, 2 cm.
to the left of the midsternal line. A very loud, rough systolic murmur all over
chest was perceptible, best heard in the third left interspace. The heart dulness
extended 3 cm. to the right and 7 cm. to the left of the midsternal line, a
distinct enlargement in both directions. The liver was 2 cm. below the costal
margin, and the spleen could just be felt. Roentgen-ray examination showed
the heart greatly enlarged to the right and the left, with a body length of 59
cm. The patient's weight on admission was 3,000 gm., and during the subse-
7. Lewis: Heart, 1914, v, 367.
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quent year there was a very slow gain, but with many fluctuations, to 3,600 gm.
at death, Feb. 7, 1916. The red blood cell count was 4,672,000.
Electrocardiograms (275, Fig. 1) were made Dec. 10, 1915. They showed
a rate of 131.6 per minute ; conduction time Lead II, 0.121 second, with mechan¬
ism normal.
Strength of Currents in Case 1
Millivolts
Lead I .R wave = 0.77
S wave = 1.35
Lead II . wave = 0.75
S wave = 0.82
Lead III .R wave = 1.52
S wave = nil
Necropsy (No. 601) was performed by Professor Opie. His diagnosis was
congenital anomaly of the heart, defect of auricular septum, chronic endo¬
carditis of pulmonary, mitral and tricuspid valves (?). The necropsy findings
are as follows :
The heart weighs 35 gm. The right auricle is of large size. The anterior
surface of the heart is formed in large part by the right ventricle, which is
considerably larger than the left. On exposing the auricles a wide circular
foramen, 1 cm. in diameter, occupies the position of the foramen ovale and
Fig. 1 (Case 1).—Defect of auricular septum; deep S wave in Lead I, high
R wave in Lead III ; right ventricular hypertrophy.
In this and the following illustrations the records were made directly on
photographic paper. The tension of the string of the galvanometer was so
adjusted that when 2 millivolts were thrown into the circuit, there was a
deflection of the shadow of the string on the paper of 2 cm. Using this stand¬
ardization, it has been possible to express the amplitude of the waves in terms
of millivolts. In one instance (curve 350, Lead III, Fig. 8) the deflection was
only 1 cm. for 2 millivolts. The time marker indicates fifths of a second. In
measuring the amplitude of the waves and the conduction time at least
ten heart cycles have been utilized in each estimation, the figures recorded
being the average.
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is wholly enclosed by a valvular fold. There is about the orifice a fairly nar¬
row rim of tissue representing the interauricular septum. The right ventricle
measures 3 mm. in thickness and is firm in consistency. The left ventricle
measures 6 mm. The aortic valve is delicate and appears normal. Along the
free edge of the mitral valve are translucent elevations which have the appear¬
ance of vegetations. There is a similar thickening along the free edge of the
tricuspid valve. The free edges of the segments of the pulmonary valve are
thickened and rounded, but otherwise there is no abnormality.
comment
The clinical diagnosis presented no special difficulty, the only point being
that it was not certain whether it was the auricular or ventricular septum that
was patent, most of the evidence being in favor of the former. The electro¬
cardiograms (Fig. 1) indicate a right ventricular hypertrophy. It was notice¬
able not only that there was a failure to gain weight normally on various foods,
but also that there was no increase in body length and the child was back¬
ward in every other development. It is a very well known fact that congenital
heart disease occasionally retards body growth and development very much
and this patient is a striking example. It is probably of importance in this con¬
nection that there had not been any cyanosis.
Case 2 (Children's Hospital No. 9738).—H. H., boy, aged 3 months, was
received Jan. 20, 1916, with clinical diagnosis of congenital malformation of
the heart, pulmonary stenosis (?), defect of interauricular or ventricular
septum, and congenital syphilis.
Three weeks before admission there had occurred a spasm, during which
the patient became blue. A much less severe spasm occurred ten days and a
third four days previous to admission. These had been of very short duration,
but the child had been blue each time and dark colored all the time. When
the patient was seen in the hospital it was noted that there was irregular
respirations suggesting Cheyne-Stokes type, associated at times with convulsive
seizures of short duration, during which he became very cyanotic, especially
about the face and head. At all times there was present a distinct duskiness
of the skin, with definite cyanosis about the lips and buccal mucous membranes.
There was slight clubbing of the finger tips. No thrills could be felt over the
heart area. The point of maximum impulse was 2 cm. outside the nipple line.
Dulness extended 1 cm. to the right and 6 cm. to the left of the midsternal
line. There was a blowing systolic murmur, not very loud, heard at the apex,
transmitted to the axilla and to the base of the heart. The murmur was faint
but persisted. The second pulmonic tone was accentuated. The liver was
2 cm. below the costal margin. Roentgen-ray examination showed a broad
heart shadow, with enlargement to the right and on the left, extending into
the axilla. The Wassermann reaction was positive. Red blood cell count
showed 3,968,000.
Electrocardiograms (332, Fig. 2) were made Jan. 21, 1916. They showed a
rate of 126.4 per minute; conduction time Lead II. 0.121 second, with mechanism
normal in Leads I and II. In Lead III the T wave was negative and there
was considerable variation from the normal in the auricular complex, suggesting
a diphasic action current.
Strength of Currents in Case 2
Millivolts
Lead I.R wave = 1.52
S wave = 0.40
Lead II . wave = 2.25
S wave = 0.52
Lead III .R wave = 0.80
S wave = nil
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Necropsy (No. 596) was performed by Professor Opie. His diagnosis was
congenital anomaly of the heart, fibroid atrophy of the right ventricle, hyper¬
trophy and dilatation of the right auricle, patent foramen ovale, hypertrophy of
the left ventricle. The necropsy findings are as follows :
The body length is 52.5 cm., weight 2,915 gm. The pericardium is of very
great size, measuring 7.3 cm. transversely and 6 cm. from above downward.
The pericardium contains a small excess of clear yellow fluid. The heart weighs
36.5 gm. When exposed, the right auricle is found to be of great size, forming
only slightly less than one half of the anterior aspect of the heart. The right
ventricle is of small size ; the anterior surface of the left ventricle is about
three times as great as that of the right. The right ventricle does not approach
within 1 cm. of the apex. The left auricle is not distended. On section the
cavity of the right auricle and auricular appendage is found greatly dilated.
The muscle is hypertrophied so that the average thickness of the auricle is
2 mm. The right ventricle has a thin wall, about 1.5 mm. in thickness, contain-
Fig. 2 (Case 2).—Patent foramen ovale; right ventricular atrophy; S wave
in Lead I not increased.
ing very little muscle and abundant gray fibrous tissue. The pulmonary and
tricuspid valves appear to be normal. The left auricle has an average thickness
of 1 mm. The endocardium is gray. The foramen ovale is widely patent, hav¬
ing an orifice approximately 1 cm. in diameter. It is partly closed by a valve¬
like membrane, from the edge of which a fibrous cord passes to the wall of
the left auricle. The aortic and mitral valves are normal. The left ventricle
has an average thickness of 8 mm. The endocardium is gray and fibrous in
appearance and there are gray markings in the muscle suggestive of fibrous
tissue. The ductus arteriosus measures about 2 mm. in diameter. The lumen
admits a probe about 0.5 mm. in diameter. The liver is very large, the spleen
small.
COMMENT
The heart in this case was of a type of congenital malformation that is com¬
paratively rare, there being only a few cases on record. The only other case
from which electrocardiograms were made is mentioned by Einthoven,5 but
the publication of the electrocardiograms and notes on the heart has not yet
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appeared. He mentions that the electrocardiograms were normal. In the case
under discussion it will be noticed that the P wave (Fig. 2) is considerably
larger than normal, indicative of the marked auricular hypertrophy found in
the heart. This is in accordance with the view usually held that auricular
hypertrophy is associated with increased amplitude of the P wave. Lead I sug¬
gests the left ventricular hypertrophy, but this is not borne out in Lead III,
in which the S wave is entirely absent. The left ventricular hypertrophy found
at necropsy is not very great, but, in proportion to the amount of muscle tissue
in the right ventricle, evidence of left ventricular hypertrophy should be
expected in the electrocardiogram. Lewis has suggested that evidence of right
or left ventricular hypertrophy in the electrocardiograms depends not so much
on the absolute as on the relative increase of the muscle tissue above the normal
in one or the other chamber. What is more important in this case is that there
is a congenital malformation of the heart in which the S wave in Lead I is not
deepened, the point that has been insisted on as necessary for a diagnosis of
congenital malformation of the heart. This exception apparently depends on
the atrophy of the right ventricle that was found to exist at necropsy.
The patients in cases 3 to 12, inclusive, are still alive and continue
to show signs suggesting more or less strongly a congenital malforma¬
tion of the heart. The cases are reported in brief, for they further
bear out the opinion that congenital malformations of the heart pro-
Fig. 3 (Case 3).— (Only Lead I obtained.) Pulmonary stenosis; right
ventricular hypertrophy.
duce a deep S wave in Lead I of the electrocardiograms only when a
right ventricular hypertrophy exists in consequence of the anomaly.
It is fully realized that an attempt to diagnose a congenital heart mal¬
formation is uncertain at best and often erroneous. It is usually rea¬
sonably certain that a malformation exists, but the exact nature of such
a lesion very often is open to discussion. It is especially true that two
or more lesions are prone to occur in the same heart.
Case 3 (Washington University Dispensary No. 16128).—L. D„ boy, aged 10
months, was brought to the clinic for heart trouble. A diagnosis of congenital
malformation of the heart and pulmonary stenosis was made. It was stated
that the child had been a blue baby and subsequently had had repeated attacks,
during which he became blue and the heart beat too fast and too hard. On
examination there was noted cyanosis, mild clubbing of the fingers, a heart
enlarged to the right, and there was a faint systolic murmur heard all over the
precordium, best at the base.
Electrocardiograms (No. 186, Fig. 3) were made Oct. 12, 1915. They showed
a rate of 158.8 per minute; conduction time Lead I, 0.118 second, with mechan¬
ism normal. Only Lead I was obtained.
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Strength of Currents in Case 3
Millivolts
Lead I .R wave = 0.38
S wave = 0.60
Case 4 (Washington University Dispensary No. 16406).—M. W., aged 20
months, was received and a clinical diagnosis of congenital malformation of the
heart and pulmonary stenosis was made. It was stated that at the age of 3
months it was noticed that the child became blue. There was a history of
"jerking spells," the description of which resembled petit mal. Examination
showed distinct cyanosis of lips, face, toes, fingers and nails. The heart dulness
extended 2 cm. to the right of the midsternal line. A rough systolic murmur
could be heard, loudest over the cardiac base, also in the back and all over the
precordium. Roentgen-ray examination showed the heart only slightly enlarged
to the left, moderately so to the right.
Electrocardiograms (191, Fig. 4) were made Oct. 18. 1915, showing rate
141.5 per minute; conduction time Lead II, 0.123 second, with mechanism normal.
Fig. 4 (Case 4).—Pulmonary stenosis; right ventricular hypertrophy.
Strength of Currents in Case 4
Millivolts
Lead I.R wave = 1.11
S wave = 1.50
Lead II . wave = 1.98
S wave = nil
Lead III .R wave = 2.80+
S wave = nil
Case 5 (Children's Hospital No. 9532).—F. B., boy. aged 10 years, was
admitted to the hospital Dec. 3, 1915, with typhoid. A diagnosis of congenital
malformation of the heart, pulmonary stenosis, defect of interauricular or
ventricular septum. Blood culture and Widal reaction were positive. The boy
had been a blue baby since birth, but had not had any convulsions. On exami-
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nation he showed a marked cyanosis of all mucous membranes and skin. There
was high-grade clubbing of all fingers and toes. The heart dulness extended
8 cm. to the left and 2.5 cm. to the right of the midsternal line. Over the
entire precordium, best at the base, was heard a long, harsh systolic murmur,
which was transmitted to the axilla, very faintly to the back, but not heard
in the vessels of the neck. A very faint thrill could be felt over the pulmonic
area. The liver was 2 cm. below the costal margin. The spleen could not be felt
except during the first stages of the typhoid. The optic disks were moderately
congested, and the retinal arteries were full and wavy, with the veins engorged,
dusky blue and tortuous. No signs of atrophy in the disk or retina could be
seen. Roentgen-ray examination showed a moderate enlargement of the heart
both to the right and to the left. The red blood cell count was 6.200.000. hemo¬
globin 120 per cent. (Sahli). He was discharged from the hospital Jan. 4, 1916.
recovered from the typhoid, the heart condition being the same, having had no
apparent influence on the course of the typhoid.
Electrocardiograms (265, 271 and 336, Fig. 5) were made Dec. 3, 1915, to
Jan. 23, 1916. These showed a rate of 121.7 per minute; conduction time Lead II.
0.169 second, with mechanism normal except for a slight delay in conduction
during the typhoid.
Fig. 5 (Case 5).—Pulmonary stenosis; right ventricular hypertrophy.
Strength of Currents in Case 5
Millivolts
Lead I.R wave = 0.60
S wave = 2.10
Lead II. wave = 0.87
S wave = nil
Lead III .R wave = 2.54
S wave = nil
Case 6 (Children's Hospital No. 9535).—M. S., aged 9 years, was admitted
to the hospital Dec. 4, 1915, for treatment for the heart condition. A diagnosis
of congenital malformation of the heart, pulmonary stenosis and defect of the
interauricular or ventricular septum was made. The child had been blue since
birth, and with this condition was associated moderate dyspnea on exertion.
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She also had fainting spells quite frequently. On examination she showed
marked cyanosis of all mucous membranes and skin, and high-grade clubbing
of all fingers and toes. There was a bulging of the precordium. A very faint
thrill could be felt over the pulmonic area. The heart dulness extended 9.5 cm.
to the left and 3 cm. to the right of the midsternal line. A long, rough systolic
murmur could be heard everywhere, best over the base of the heart, transmitted
to the axilla and distinctly heard in the left back. A very faint systolic murmur
could be heard in the vessels of the neck. The liver was 2 cm. below the costal
margin. The spleen could not be felt. The optic disks were markedly con¬
gested, the retinal arteries full, dark red and wavy and looked like veins. The
veins were engorged, tortuous and dusky blue in color. No atrophy of disks
or retina could be seen. Red blood cell count was 6,500,000, hemoglobin 115
per cent. (Sahli). Roentgen-ray examination showed a moderate enlargement
of the heart shadow both to the right and left, especially the right.
Electrocardiograms (269 and 274, Fig. 6). made Jan. 4 and 10, 1915, showed a
rate of 104.6 per minute ; conduction time Lead II, 0.146 second, with mechan¬
ism normal.
Fig. 6 (Case 6).—Pulmonary stenosis; right ventricular hypertrophy.
Strength of Currents in Case 6
Millivolts
Lead I.R wave = 0.10
S wave = 1.46
Lead II . wave = 0.30
S wave = 1.20
Lead III .R wave = 0.55
S wave = 0.20
Case 7 (Washington University Dispensary No. 17548).—R. K., aged 8
years, was examined on entrance and a diagnosis of congenital malformation of
the heart and defect of the auricular septum was made. There were no symp¬
toms from the heart, and the condition was discovered during examination.
There was no cyanosis or clubbing of fingers and no thrill over the heart. There
was heard a loud systolic murmur all over the chest, best over the pulmonic
area, but the expected enlargement to the right could not be made out on
percussion.
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Electrocardiograms (230, Fig. 7) were made Nov. 8, 1915, showing a rate of
97.1 per minute ; conduction time Lead II, 0.174 second, with mechanism normal.
Strength of Currents in Case 7
Millivolts
Lead I .R wave = 0.60
S wave = 0.60
Lead II . wave = 1.00
S wave = 0.60
Lead III .R wave = 0.55
S wave = 0.20
Case 8 (Children's Hospital No. 9805).—E. P., boy, aged 23 months, was
admitted to the hospital Feb. 3, 1916, for heart trouble. A diagnosis of congeni¬
tal malformation of the heart and defect of the interauricular or ventricular
septum was made. The child was a blue baby at birth and has had numerous
periods during which he became blue, but has had no convulsions. He did not
show any cyanosis or lividity. No thrill was perceptible over the heart. Heart
Fig. 7 (Case 7).—Defect of auricular septum; right ventricular hypertrophy.
dulness extended 1 cm. to the right and 5 cm. to the left of the midsternal line.
There was a purring systolic murmur all over the heart area, most marked at
the apex, transmitted to the axilla and back. The liver edge was at the costal
margin. The red blood cells numbered 5,000,000. Roentgen-ray examination
showed a heart enlarged markedly both to the right and to the left, and extend¬
ing almost to the axilla.
Electrocardiograms (350, Fig. 8) were made Feb. 8, 1916, showing a heart
rate of 75 per minute ; conduction time Lead II, 0.188 second, with mechanism
normal except for a slight delay in conduction. The curves suggest a left
ventricular hypertrophy.
Strength of Currents in Case 8
Millivolts
Lead I.R wave = 1.08
S wave = 0.49
Lead II . wave = 0.20
S wave = 0.20
Lead III .R wave = 0.20
S wave = 1.00
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Case 9 (Washington University Dispensary No. 20878).—J. C, aged 7
months, was brought to the clinic with pneumonia. A diagnosis of congenital
malformation of the heart and defect of interauricular or ventricular septum was
made as a result of a general examination. No cyanosis could be seen, but the
Fig. 8 (Case 8).—Defect of interauricular or ventricular septum; ventricu¬
lar hypertrophy not evident in curves.
Fig. 9 (Case 9).—Defect of interauricular or ventricular septum; right
ventricular hypertrophy (?).
skin at all times showed a marked lividity. No thrill could be felt over the
heart. Dulness extended 2 cm. to the right and 5 cm. to the left of the midster¬
nal line. A loud, rough systolic murmur could be heard all over the chest,
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loudest to the left of the sternum about the third interspace. The liver was
4 cm. below the costal margin.
Electrocardiograms (351, Fig. 9) were made Feb. 10, 1916, showing heart
rate 132.3 per minute ; conduction time Lead II. 0.131 second, with mechanism
normal.
Strength of Currents in Case 9
Millivolts
Lead I .R wave = 0.35
S wave = 0.65
Lead II. wave = 0.42
S wave= 1.45
Lead III .R wave = 0.20
S wave = 0.75
Case 10 (Children's Hospital No. 9979).—L. McE., boy, aged 14 days, was
admitted to the hospital March 12, 1916. when the heart condition was dis¬
covered and diagnosed as congenital malformation of the heart; consisting of
a defect of the interauricular septum. Slight cyanosis was noticed the first
Fig. 10 (Case 10).—Defect of interauricular septum; right ventricular hyper¬
trophy.
day of admission at several times, associated with shallow, slow respiration.
But the cyanosis was not present constantly. No thrill could be felt. The
heart dulness extended 2 cm. to the right and 5.5 cm. to the left of the mid¬
sternal line, a distinct increase, chiefly to the right side. A blowing systolic
murmur could be heard all over the precordium, best at the base, not trans¬
mitted to the vessels of the neck or to the axilla. This murmur was rather
indefinite at first, but before the patient's discharge, Feb. '23, 1916, it had become
louder and more persistent. The red blood cell count was 3.232,000.
Electrocardiograms (371, Fig. 10) were made March 22, 1916, showing a
heart rate of 132.3 per minute; conduction time. Lead II, 0.094 second, with
mechanism normal.
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Strength of Currents in Case 10
Millivolts
Lead I.R wave = 0.80
S wave = 1.10
Lead IL.v.R wave = 1.74
S wave = nil
Lead III.Rwave'=2.26
S wave = nil
Case 11 (Washington University Dispensary No. 19191).—L. F., aged 21
years, was admitted and a diagnosis of congenital malformation of the heart,
patent ductus arteriosus, chronic cardiac valvular disease, and auricular fibrilla¬
tion was made. The patient had had indefinite joint pains at the age of 15,
and moderate to marked dyspnea for the past several years. No cyanosis or
clubbing of fingers was shown. A systolic thrill could be felt most marked
over the pulmonic area. The heart dulness extended 5 cm. to the right and
13 cm. to the left of the midsternal line, a marked enlargement in both directions.
There was a rough systolic murmur heard over the pulmonic area and trans-
Fig. 11 (Case 11).—Patent ductus arteriosus ; auricular fibrillation; right
ventricular extrasystoles.
mitted down toward the apex, where a softer diastolic murmur could also be
heard. At the apex a systolic murmur of a different pitch was perceptible,
not transmitted very far into the axilla. In the axilla there was a rough
diastolic murmur of different pitch and intensity. No murmurs were heard
over the vessels of the neck. Fluoroscopic examination showed enlargement
of the heart as made out by percussion. No auricular activity was seen.
Electrocardiograms (281, Fig. 11) was made Dec. 13, 1915. showing the heart
rate to be 56.3 per minute, with coarse auricular fibrillation, ventricular extra-
systoles, probably right sided.
Strength of Currents in Case 11
Millivolts
Lead I.R wave = 0.91
S wave = 0.20
Lead II. wave = 1.35
S wavie = nil
Lead III.R wave = 0.67
S wave = nil
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Case 12 (Washington University Dispensary No. 17559).—W. H., woman,
aged 32 years, was admitted and on general examination a diagnosis of con¬
genital malformation of the heart, consisting of patent ductus arteriosus was
made. There was no history of her ever having been blue. For the previous
eight or nine years, she had suffered from dyspnea on exertion, and her lips
became blue at such times. Examination showed a bulging of the chest to the
left of the sternum. The point of maximum impulse of the heart could not
be made out. Heart dulness extended 4 cm. to the right and 11 cm. to the
left of the midsternal line. A broad area of retrosternal dulness at the level
of the first and second interspace was made out. Otherwise heart dulness was
not enlarged. A rather distinct murmur could be heard at the apex, faint in
the aortic area and over the vessels in the neck. There was no clubbing of the
fingers. Roentgen-ray examination showed marked enlargement of the upper
heart shadow on both sides, especially to the left. The aortic curve was increased.
Electrocardiograms (159, Fig. 12) were made Nov. 12, 1915, showing heart
rate 69.3 per minute ; conduction time Lead II, 0.159 second, with mechanism
normal.
Fig. 12 (Case 12).—Patent ductus arteriosus; left ventricular hypertrophy.
Strength of Currents in Case 12
Millivolts
Lead I.R wave = 0.90
S wave = nil
Lead II.R wave = 0.70
S wave = 0.35
Lead III.R wave = 0.35
S wave = 0.80
In Cases 3, 4, 5 and 7 a diagnosis of pulmonary stenosis was made,
with or without septal defects. It is well known that stenosis of the
pulmonary orifice produces a high-grade right ventricular hypertrophy,
and looking at the electrocardiograms of these four cases, one sees in
each strong evidence in favor of a right ventricular preponderance,
there being no doubt about the deep S wave in Lead I and the high
R wave in Lead III. Of all the curves in this report, these show the
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right ventricular hypertrophy most clearly and distinctively. Two of
these curves were made from children nine and ten years old, and so
were completely removed from any influence that the period of infancy
might have in producing this type of an electrocardiogram. The other
two are from children in the second year of life. Only from a larger
group of cases could the conclusion be drawn that this type of curve
is associated constantly with a stenosis of the pulmonary orifice or that
such a curve is diagnostic of pulmonary stenosis.
In Cases 7, 8, 9 and 10 the heart lesion is considered to be a defect
of the septum, auricular or ventricular, or both. In each one the
evidence of right-side enlargement made out by physical signs is lack¬
ing, or it can be shown that the enlargement involves both sides of the
heart. Case 10 is that of an infant 14 days old and the illustration
is confused by the normal effect that this period of life has on the elec¬
trocardiogram. Cases 7 and 9 show curves very different from the
group of hearts with pulmonary stenosis, the curves in these cases being
in fact very similar to those in Case 1 in regard to the size of the R
and S waves in Leads I and III. This is in agreement with the
anatomical fact that defects of the septums are very apt to produce an
enlargement of both right and left ventricles. In all the electrocardio¬
grams of the second group of cases the evidence of a predominating
enlargement of the right chamber, such as is found in the first group,
is not so strong. The relation of right ventricular hypertrophy to
defects of the septum and the form of electrocardiogram may be seen
by comparing this group of four cases with Case 2. In that case there
was a free communication between the two auricles, and yet, due to
the small amount of muscle tissue in the wall of the right ventricle,
that chamber failed to undergo a secondary hypertrophy. It is hardly
possible that the form of electrocardiogram produced by these four
cases could be associated so constantly with septal defects as to make
them pathognomonic.
Of the last two cases, Case 11 is confused by the presence of a
valvular lesion and auricular fibrillation, and it would be impossible
to say from the curves whether one side or the other is hypertrophied.
And by physical signs and Roentgen-ray examination both sides are
made out to be enlarged, chiefly the left. In Case 12 there is distinct
evidence of a left ventricular hypertrophy.
CONCLUSIONS
Twelve cases showing congenital malformation of the heart are
reported, including four cases of pulmonary stenosis, five cases of
defects of the interauricular or interventricular septums, two cases
of patent ductus arteriosus, and one case of right ventricular atrophy.
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Congenital malformations of the heart do not produce a distinctive
electrocardiogram, but the type of curve will depend on the secondary
effects of the heart chambers. This effect is chiefly on the right side
of the heart, and malformations associated with a secondary relative
right ventricular hypertrophy produce electrocardiograms with deep
S waves in Lead I and high R waves in Lead III. Malformations not
producing right ventricular hypertrophy fail to cause a characteristic
change in the electrocardiogram.
Electrocardiograms are of value in the study of congenital heart
disease in that they throw additional light on the relations of the cham¬
bers of the hearts, and so may be of aid in determining the type of
lesion present.
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